Journal of Appléed Pharmaceutical Science 02 {12 60-67

Journal of Applied Pharmaceutical Science

Available online at www.japsonline.com

ISSN: 22313354
Receivedon: 1603-2012
Revised o: 25032012
Accepted on29-03-2012

Marwa H. Abdallah, , Hanaa A. El
ghamry,Hanan M. Eknahas
Department of Pharmaceutics and
Industrial Pharmacy, Faculty of
Pharmacy, Zagazigniversity,
Zagazig, Egypt

Omaima A. Sammour
Department of Pharmaceutics and
Industrial Pharmacy, Faculty of
Pharmacy, Ain Shams University,
Cairo, Egypt

Waleed Barakat

Department of Pharmacology,
Faculty of Pharmacy, Zagazig
University, ZagazigEgypt.

For Correspondence

Marwa H. Abdallah

Department of Pharmaceutics and
Industrial Pharmacy,

Faculty of Pharmacy, Zagazig
University, Zagazig, Egypt
Telephone No: 002/0102819856

Development and Characterization of Controlled
Release Ketoprofen Microspheres

MarwaH. Abdallah, Omaima A. SammouyrHanaa A. Elghamry,
Hanan M. Ebnahas and/Valeed Barakat

ABSTRACT

Microspheres ketoprofen (KP) wee prepared by o/w emulsion solvent evaporation
technique using EudraiRS100 as a polymeric material. The effect of process variables such
as drug: polymer ratio, stirring rate, emulsifier concentration, internal organic solvent and
dispersing medium vames were examined. The prepared formulations were characterized for
particle size distribution, percent yieldnteapment efficiency, in vitro release and in vivo
studies behavior. The study revealed that the mean particle size ranged from 293.06 to 438.63

P WKH .3 ORDGLQJ HIILFLH GBr.63% U thel GhedretiRd? amount
incorporated, all microsphergmtches exhibited a prolonged release for almost 24 hrs and the
release pattern was diffusion model. The pharmacokinetic parametgsT ax, AUCq.24 and
AUC,.- were calculated from the plasma drug concentratioe data. Plasma KP
concentrations andpharmacokinetics parameters were statistically analyzed. The test
formulation exhibited controlled and prolonged absorptiap,)Tof 6.79 + 0.0.39 vs. 2.03 +
0.08 and 3.32 + 0.24 hspy&x R | “ YV “ DQG “ J PO Z
compaed to the plain drug and marketed product, respectiveljivinstudies revealed that the
relative bioavailability of the KP increased by more than 1.3 times by formulating it into
microspheres compared to plain drug.

Keywords: Microspheres, Ketoprofe Solvent evaporation technique, Eudragit RS100,
Pharmacokinetics.

INTRODUCTION

Ketoprofen (KP)s a poorly watesoluble norsteroidal antinflammatory, antipyretic
and analgesic drug, frequently used for the treatment of rheumatoid artktézanthritigRother
et al, 2007), anklylosing spondylitis, a variety of other acute and chronic musculoskeletal
disorders and mild to moderate p&Beltranet al, 1998).Ketoprofen is a potent nesteroidal
antrinflammatory drug that inhibits prostagdin synthetase cyclooxygenase. Its oral
administration is associated with a high risk of adverse effects such as irritation, ulcerati®n of t
gastrointestinal tract, oedema, dizziness, and peptic ulceration when taken orally for a prolonged
period (Lanza et al, 1998). These attributes make KP a good candidate for controlled release
dosage forms. Microspheres are one of the multiparticulate drug delivery systems and are prepared
to obtain prolonged drug delivery, improve bioavailability or stability tmdet drug to specific
sites (Sudhamaniet al, 2010). They have played a vital role in the development of
controlled/sustained release drug delivery syst@esreet al, 2009).
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Microspheres can be defined as solid, approximatelfgypt. Eudragft RS100 (ERS100) was kindly supplied by Rohm
VSKHULFDO SDUWLFOHY UDQJLQJ IURP Ph&vha, Darnfstadt,R QavwharyQ Di¢hibr&@rieihanid, UatHddl, and
drug in either solution (onmnicrocrystallineform (Vyas and Khar, sodium lauryl sulphate were purchased from-GBimhorea
2006). These microspheres are suitable alternatives fo€hemial Company, Cairo, Egypt. HPLC grade acetonitrile and
conventional dosage fornislalackehNikouei et al., 2005). methanol were purchased from Sigidrich Chemie, Germany.

Several methods, including Emulsion solvent evaporatio©alHeparine 5000 1. U. was purchased from Amoun
technique (Karak<® O P& ]al. 2011) phaseseparation or Pharmaceutical Co., Edbour City, Cairo, Egypt. Phosphoric acid,
coaervation method(El-Bagory et al, 2007), emulsification  Potassium dihydrogen phodpate, and Hydrochloric acid were
diffusion methodLiu et al, 2010), and spray drying methdgHuh  obtained from ENasr Pharmaceutical Chemical Co., Cairo, Egypt.
et al, 2010) are commonly used for the preparation ofAll other chemicals were obtained from-Rasr Pharmaceutical
microspheres. The solvent evaporation method has gained mu€hemical Co., Cairo, Egypt.
attention due tats ease of fabrication without compromising the
activity of drug. This technique offers several advantages and Ryeparation of ketoprofen-loaded microspheres
preferable to other preparation methods such as spray drying, The ketoprofen loade Eudragit microspheres were
sonication and homogenization because it requires only mil@repared by the conventional emulsion solsretporation method
conditions such asmbient temperature and constant stirring. Thuswhich was adapted from the process describedViay et al.

a stable emulsion can be form@hsu and Adhiyaman, 2008hd  (2008).KP and Eudragit were used in ratios 1:1, 1:2, 1:3, 1:4 and
microspheres are formed by the evaporation of an organic solveh® to obtain significant differentharacteristics. The required
from dispersed oil droplets containing both polymer and drugmount of the polymer was dissolved in 10ml of a mixtefe
(Lakshmanat al, 2009). dichloromethane and ethanol (1:1 v/v). The calculated amount of

Several publications have described deogtaining KP powder was dissolved in the polymeric solution. The prepared
microspheres using the Eudragit series as the encapsulatifigpersion was slowly poured into 1001 of 0.2 % w/iv SLS
materials. The Eudragits are a family of polymers based on acryl@glueous solution and was emulsified by vigorous stirring at (800,
and methacrylic acids suitable for use in orally administered dru200, and 1600rpm) at room temperature using a -thee
delivery systems. They have been used in the microencapsulatiggchanical stirrer. The dispersed drug and polymer were
of drugs (Rassuet al, 2008). Some dissolve rapidly at clearly immediately transformed into fine droplets, which were
defined pH values, whereas two grades, Eudragit ® RL and RS, axébsequently solidified into rigid microspheres due to solvent
insoluble in aqueous media water and digestive juices, but swelvaporation(Trivedi et al, 2008).Stirring was continued for-3
and are permeable, which means that the drugs can be released'fsy until all solvent was evaporated. The formed microspheres
diffusion (Kibbe, 2000). Therefore, the permeability of drug were allowed to settle, filtered and washed several times with
through Eudragit RS and/or RL is independent on the pH of théstilled water(Deveswararet al, 2010) The microspheres were
digestive trac{Apu et al, 2009). dried and stored in air tight containers until further analysis.

EudragifRS100 is a watensoluble polymer that is Formulations with different drug to polymestios were prepared
widely used as a wall material for sustained release microspher@sshown in table (1).
due to its biocompatibility, good stability, easy fabrication and low

Ccost. Table. 1: The composition of differearmicrospheres formulations.

. ”The main o.bj_ect|va)f this Yvork was to |nvest|g.ate the For- Drug: Stiing  Surfactant. Intﬁrnal External
possibility of obtaining a sustad release formulation of mulation. polymer  rate Conc V’;Il"j‘;‘z phase
ketoprofen microspheres by the solvent evaporation method using N°- ratio. (rpm). (whv). (mi).  Vvolume (ml).
EudragiPRS100. Investigation of the effect of various processing 1 11 80C 0.2% 1C 10¢

d f lation fact h q i | tio. stirri 1:2 800 0.2% 10 100
and formulation factors such as drug to polymer ratio, stirringj 13 800 0.2% 10 100
speed, surfactant concentration aoithers on the shape, mean 4 1:4 800 0.2% 10 100

; ; - ; ; : T 1:5 800 0.2% 10 100
particle S|.ze, y@d of prodlu.ctlon, particle size distribution, 11 1200 0.2% 10 100
encapsulation efficiency, and-uitro release rate of drug from the 7 1:2 1200 0.2% 10 100
microspheres were performed. Also, the bioavailability of & 13 1200 0.2% 10 100

P P o i abiity 1:4 120( 0.2% 1C 10¢
ketoprofen from different formulationsusing rabbits as 10 1:5 1200 0.2% 10 100
experimental animals was assessed. 11 11 1600 0.2% 10 100

12 1:2 160( 0.2% 1C 10¢

13 1:3 1600 0.2% 10 100

MATERIALS AND METHODS 14 1:4 1600 0.2% 10 100
15 15 160( 0.2% 1C 10¢

Materials 16 1:5 800 0.1% 10 100
. . . 17 1:5 800 0.4% 10 100

. Ketoprofen .(KP) was a gift samplg kindly supphgd by 1g 15 80C 0.7% 1C 10¢
Amriya Pharmaceutical Industries, Alexandria, Egypt. Flurbiprofen 1¢ 1:5 80C 0.2% 5 10¢

1:5 800 0.2% 15 100

(FP) was a gift kindly supplied by the Egyptianteimational 21 1E 80C 0.2% 1c 50
Pharmaceutical Industries Co., (EPICO)ASher of Ramadan city, 22 1.5 80C 0.2% 10 15¢
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Yield analysis of the recovered microspheres

The relative yield wasatculated based on the amount of
microspheres of each formulatiaibtained relative to the amount
of solid materials used in the dispersed plfaseedi et al., 2008).

The dissolution apparatus with 100rpm paddle rotational speed was
used in the studiess00 ml of PBS (pH 7.4) was used as a
dissoluton medium and maintained at°87+ 0.8C (El-Nahaset

al., 2010). At various time intervals, 4ml samples of the dissolution

The percentage yield was calculated according to the followingedium were taken and replaced with an equal volume of pre

equation(Najmuddinet d., 2010).

Actual weight of microspheres y 10g

Yield (%) =
0) Total weight of drug and polymc.

Particle size analysis

The mean particle sizes of the microspheres were

determined by sievingnethod (Gupta et al, 2009). ERS100

microspheres containing KP were placed on a set of standar

sieves of size range 1H5%0 um and shaken for 10min using
mechanical sieve shakérhe resulting fractions remaining on the
sieves were weighed to determine the particle digtribution(El-

Helw et al, 2008) The mean microspheres diameter was

calculated after sieving. Results were reported as means + S.D.

mean particle size of microspheres was calculated using the

following formula(Anselet al, 1995; Beherat al, 2008).

Mean Particle size =

warmed fresh medium to maintain constant volume (Rewall,
2010). Tke drug concentration and the percentage drug released
were determined with respect to time spectrophotometrically at
260nm (Yerriswamyet al, 2010). The irvitro dissolution studies
were performed in triplicate for each of sample and the results
were repded as means + S.D.

Mdprphology of microspheres

The morphology of the obtained microspheres was
examined by a light microscofgeiss, Me 63 C, West Germany)
with varied magnification power€ne drop of the freshly prepared
microsphere suspension wasipd onto a slide and sealed with a
Oé/el’ glass.Photomicrographs wereaptured using Samsung
igital camera(Chaisri et al, 2009). The morphology, size
uniformity and aggregation or coalescence of the microspheres

were studied.

OHDO SDUWLFOH VL]H RI WKH 1UDEWISE

"HLIJKW IUDFWLRQ

Entrapment efficiency

The entrapment efficiency % of the prepared

microspheres was evaluated using the methd@anigadhaet al.
(2010) with certain modification. About 25mg of the obtained

microspheres were crushed into powder and were complete
dissolved in 100ml of PBS (pH 7.4) and agitated in mechanica
shaker for 6hrs then kept for 24hrs. Then 5ml of the solution was

filtered andconcentration of the drug was determined after certai
dilution spectrophotometrically at 260nifDeveswaranet al,
2010). The actual drug loading and encapsulation efficiency (E
%) were calculated using the following equatigiao et al,
2008; Yerriswany et al, 2010).

Theoretcal drug loading (%) = Drug (total)

100
Drug (total) + polymer

Actual drug loading (%) =  Drug (entrapped
Drug (total) + polymer

X 100

Encapsulation efficiencff6) =  Actual drug loading X 100
Theoretical drug loadin,

In-vitro dissolution studies of KRloaded microspheres

Since the permeability of a drug through Eudfa&g8100
is independent on the pH of the digestive t{aqiu et al, 2009),
the pH value of the tested dissolution medium was set gKih#

Constructi§/ of th%l_étlé%&w c!aHbPa’Ei:oW Ic'u'?v(e? for ketoprofenin
plasma

The plasma samples were analyzed using validated HPLC
method described previously (Onigtial, 2005; Hecet al., 2008)
with certain modification. The mobile phase consisted of a mixture
of 0.2 M phosphate buffer pH 3 and acetonitrile in ratio of 55: 45
Y/v, respectively. A stock solution of KP was prepared at a
ncentration of 10 mg/ml using the same mobile phase. Standard
solutions containing 5, 10, 20, 30, 40, 50, and 60 pg/ml were
reparedby diluting the stock solution with the mobile phase and
were analyzed using 50 pl of flurbiprofen (20 pg/ml) as internal

gtandard (IS) (Jiret al. 2008). Standard calibration curve was

established in plasma by adding 100 pl aliquots of each of the
abovedilutions to 100 pl blank plasma in 10 ml centrifuge tube.
The spiked plasma samples were processed as described below. A
standard calibration curve was constructed by plotting the peak
area ratios of KP to IS against KP concentrations in plasma.

100 Wl d 1 M Hcl aqueous solution and 50 pl of IS were
added to 100 pl of the plasma (spiked plasma and unknown
plasma) in 10 ml centrifuge tube equipped with a stopper and were
shaken vigorously using vortex mixer for 1 min. 2.5 ml of diethyl
ether was added, drthe mixture was shaken vigorously for 1 min.
After centrifugation of the mixture at 2000 rpm for 5 minuts. 2 ml
of the organic layer was taken and evaporated at’@te2dryness
in an oven. The residue was dissolved in 200 ul of the mobile
phase and thproduced solution was filtered through a Millipore
filter (0.22 pm). A volume of 20 pl of the reconstituted sample was
injected into the column of HPLC apparatus (Temperature column

et al, 2002). Dissolution of KP from the prepared microspheresoven 480, fixed with reverse phase C 18 column (Chromonith®
was carried out using microspheres equivalent to 50mg of the drugerformance R-18E, 100x4.6 mm. Merck, Germany).
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Bioavailability study of ketoprofen in experimental animals concentratiortime curve from time 0 to' KUV &3 &as

Male rabbits (weighing 12 kg) were used for the determined by adding the last measured plasma concentration
bioavailability study. Animals were housed under standardlivided by the elimination rate constantjKo AUGC,.,4 according
laboratory conditions. Animals were housed in #tandardized to the following equation:
conditionsat the animal house of the Faculty of Pharmacy, Zagazig
University, Egypt. All animals were acclimatized and kept under AUCo. = AUCoz + Cod Kol
constant temperature (23°C). All animal procedures were Where, G4 is the concentration of KP in plasma after 24 hrs. The
performedn accordance to the approved protocor fuse of elimination rate constant (K was obtained from the slope of the
experimental animals set by the standing committee on animal caerminal phase of the profiles by plotting log C against time, where
of the Faculty of PharmacgagazigUniversity, Egypt. Animals the slope was equal t&K/2.303. The elimindon half life (i)
were divided into three groups of three rabbits in each groupvas calculated from the value of 0.693/K
Twelve hours before drug administration, food was evilfwn  The relative bioavailability was calculated from the comparison of
until 24 hrs postiosing, and the rabbits had free access to watehe AUG.»4 of each formula with that of the control.
throughout the experiment. The study was designed as a single oral
dose. All groups received an equivalent of 10 mg KP/ kg bod)r%re': (AUCo-4 for test / AUG4for contro)X100
weight of rabbits (Valliappaet al, 2006). Group 1 eived KP - .
alone, group 2 received ketoprofen marketed product (K@tofanStatIStlcal analysis

) . . All results were represented as mean + S.D. One way

capsule), and group 3 received formulation | (the best microspheres

formulation that exhibited the maximum EE% and the slowes .nal_y.S|s of variance .(ANOVA) was employed to as.sess the
. . significance of the difference between the tested microsphere
release rate, formulation no 5). One hard gelatin capsak

administered to each rabbit through a stomach tube with the aid fg{mulatlons and the control at a level (@.05) using SPSS
distilled water. Blood samples (about 1ml) were withdrawn fronpro9ram (Meyyaathanet al, 2008).
the sinus orbital into heparinized tubes at 0, 0.5, 1, 2, 3, 4, 6, 8, and
24 hours after each administration. The blo@ingles were RESULTS AND DISCUSSION
centrifuged immediately at 3000 rpm for 10 min to obtain theParticle size analysis of KP loaded microspheres
plasma samples and were storee?6iiC for subsequent assay. The particle size of prepared microspheres was in the
range 0f293.06 + 11.49 to 438.63 + 4.29 as shown in table (2).

HPLC analysis for ketoprofen concentration in plasma samples The data obtained showed that, the meameéter was increased

A simple and rapid HPLC assay was developed fosignificantly (P=0.001) as the drug: polymer ratio was varied from
determinabn of ketoprofen in rabbit plasma. Waters Instrument1:1 to 1:5.Low concentration of ERS100 resulted in a low
Germany system consisting of HPLC pu(ppmp A and pump B), viscosity of the polymer solution which in turn resulted in smaller
mixing pump, multiport computer, HPLC self injector, and ovenemulsion droplets in the agqueous phasea(§€het al, 2009
controller. Temperature column oven 480, fixed with reverse phagearashaet al, 2010). The results also indicated that as the stirring
C 18 column Chromonith® Performance REBE, 100x4.6 mm. rate increased from 800 rpt600 rpm, the mean particle size was
Merck, Germany), HPLC detector with range of 0.2, resp. timelecreased significantly (P<0.05) This may be attributed to the
0.05, remote, monitor and data system computer. The plasrfermation of an emulsion of small aplets by increasing the
samples were thawed at room temperature. 100 microliters afechanical stress at high stirring rate (Ghetzgl, 2003).
plasma were mixed with 50 pl dfurbiprofen solution in the
mobile phase (20ug/ml) as an internal standard. The procedure Wasgle. 2: Particle size distribution of ERS100 microspheres.
then completed as mentioned before. The ketoprofen concentratien

. . . K . Formulation No. Mean diameter (um)+ S.D.
in the rabbit plasma samples was calculated using the calibration 1 329.5646.6
curve. 2 356.35+8.56
3 376.35+9.65
4 399.65+10.2
Pharmacokinetics Analysis 5 416.95 + 7.96
- 6 293.06 + 11.49
The pharmacokinetics parameters were calculated from 2 321244 14.4
the plasma level data obtained for the individual rabbit per each 8 352.65 + 13.9
group and were presented as means + S.D. the maximum plasma 190 gg?-%fg-ig
concentration (Gmw, Hg/ml) and the time required to reach 15 334.43 + 14.4
maximum plasra concentration (., hr) after oral administration i? ;7308-4573 +i 1462791
were calculated directly from the plasma concentréiioe curve 18 336.26 + 6.9
using Winnonlin Nonlinear Estimation Program. The area under ;g 455-051 %30-85
e : 71.91+ 8.57
the plasma concentratigime curve from time O to. 24 hrs (AU.(C . 21 389.38 + 10.9¢
24, Mg mIt h) was calculated using linear trapezoidal rule (Gibaldi, 22 432.74 + 8.36

1991; Valliappanet al, 2006). The areainder the plasma Each result is the mean of 3 determinatiarS.D.
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Increasiig the concentration cgurfactant from 0.1 % to 0.7 % Table. 3:The EE % and percentage yield of #faded ERS microspheres.

resulted in a significant decrease (P<0.05) in the mean diameter §P™™m1ation No 22/'5"1 <D Ef?it?e%rg; r& )£ S.D
microspheres. This can attributed to that the lower concentration of 80.67+1.5 69.42+1.1
) - iop 2 85.07+1.01 74.95+1.48
emulsfier may not be sufficient to cover the droplets of emulsion 3 89.0340.93 808541 03
resulting in coalescence, leading to an increase in microspheres 01.4741.6 83.19+1.4
aggregation and fusion of the formed droplets (Mgial, 2004). 5 92.22+1.39 87.631.68
. . . 76.67+1.89 64.21+2.06
Increasing the internal phase volume from 5 ml to 15 ml te it 7 81.8740.7 69.29+2 2.
a significant decrease in microspheres mean diameter sizé 83.40%1.2 74.00£1.6

. . =+ +

(P=0.001) as shown in table (2)his may also be due to the 2(: 22'32;2'26 ;g.gézg.?
increase in the volume of organic solvent leads to decrease ini1 72.93+1.5 60.19+1.5
viscosity of the internal phase which was an effective factorein th 1:24, ;g'ggfg'gé gg'ggfg'gg
droplet size of the emulsion in the aqueous meditakshmanaet 14 81.15+1.9 70.8742.7
al., 2009). hcreasing the volume of the external aqueous phasé® 82.67+1.76 71.99+1.34
L . . 93.57+2.43 93.47+1.32
from 50 ml to 150 ml caused a significant increase (P= 0.003) in 87.63+1.2 84.5241.7
size of the microspheres. A probable explanation is that wit 18 82.32+1.36 76.83+244
. . 19 94.03+2.06 90.99+1.12
increasing the external volume, the shear forces to break thg, 81.00+1.7 86,5942 4
emulsion droplets become smaller yielding larger emulsified 21 91.87+1.99 91.39+1.97
droplets which in turn results in larger ERS microspheres (Chaisri22 89.55£2.06 87.88+1.41

Each result is the mean of 3 determinatior&D.

et al, 2009).

The results also showed that at high stirring rate the percentage

Analysis of entrapment efficiency and percentageyield of  production yield was decresss This may be due to the adherence
microspheres of the polymer to the paddle by the turbulence created within the

The % yield of different microspheres varied from external phase leading to a reduction in the percentage production
(72.93%+1.51 to 94.03+2.pévhen the drug: polymer ratio was yield (Mazumderet al, 2009).
changed from 1:1 to 1:5, respectively at 1200rpm. The reduction in Increasing the stirring rate for preparation of KPdlkh
the percentage yield with increasing drug: polymeioretay be  ERs100 microspheres resulted in a significant decrease (P>0.05) in
due to the loss of smallest and lightest particles during filtratiofhe EEos. A probabl explanation is that, the surface area of large
and washing processekrivedi et al. (2008) reportedhat, as the particles is smaller which may lead to less transport of the drug

polymer ratio in the formulation increases, the product yield alsgyg the external aqueoyshase(Chaisriet al, 2009. This was
increasesThe results also indicated thiite EE% was increased confirmed by photomicrographs, figure (1).

significantly (P<0.05) by varing the drug: polymer ratio from 1:1

to 1.5 (table (3)). It was noticed that drug loading was increased
considerably when polymer concentration was increased relative to
drug concentration in the internathase, which can be explained by
the increased viscosity of the organic phase and the dense internal
structure, therefore less drug was lost during evaporation @¥lao
al., 2008; Guptat al, 2009).

Increasing the concentration of SLS from 0.1 to 0.7
results in a significant decrease (P=0.001) in the EE% of the
prepared microspheres, table (3). This could be attributed to the
fact that, at low concentration of surfactant, the surface of the
microspheres is smooth and intact. Increasing surfactant
concettration results in microspheres with brittle surfaces, which
may lead to a drug loss on washing microspheresefLat, 1991).

The increase in the amount of surfactant resulted in a decrease in
the percentage production yield as well.

A nonsignificantdecrease in the encapsulation efficiency
(P=0.64) was noticed by increasing the internal phase volume,
table (3). The drug encapsulation efficiency decreased -non
significantly (P=1.00)when the external aqueous phase volume
increased from 50ml to 150ml ahown in table (3)This was x Y
expected since a greater volume of the aqueous external phase _‘,x(::,:'?‘

allows large amount of drug to be dissolved in this phase (Chaisfig. 1: Photomicrographs of KP loaded ERS microspheres at different stirring rates
et al 2009) (x=40). A (800 rpm), B (1200 rpm), C (1600 rpm).

=
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In-vitro release studies of KP loaded Eudragit microsmeres tested formulations provided good fit to the Higuchi model.
The invitro release of KP from ERS microspheresAccording to this model, the drug release from these formulations
exhibited biphasic release, initially fast release followed by a may be controlled by diffusion through the micropores.
slower release which spread over the extended period of time. 80
The release profiles of KP from ERS microspheres
prepared from differenirug: polymer ratios are shown in figure 70+
(2). The obtained data showed that the release of the pure drug was
faster in comparison to that released from ERS100 microspheres.
The results indicated that KP release from ERS100 microsphere§5o-
was greatly extendeand delayed as the drug: polymer ratio was &
decreased. These results might be attributed to the increase in t&? ]
wall thickness of the microspheres arising due to the increase in th%30 i
polymer: drug ratio leading to an increase in the the length of

diffusion pathway through the polymer membrane (Prasant, 20 1 ~+Formulation 5 (800 rpm)
2011). 10 -=-Formulation 10 (1200 rpm)
-o- Formulation 15 (1600 rpm)
120 0 T T T T
0 5 10 15 20 25 3
Time (hr)
100 - - 5
) Fig. 3: Effect of stirring rate on the relsa rate of KP from ERS100 microspheres.
<80 4 '
@ 80
© -
%604 7 70 1
[
a /
> |- ' 60
<104 ° Free drug
~-Drug:polymer 1:1 =
/ -+ Drug:polymer 1:2 250 1
20 - - Drug:polymer 1:3 54 0.
& Drug:polymer 1:4 o
-o-Drug:polymer 1.5 >
0 T T T T T :30 |
0 5 10 15 20 25 30 20+ -+~ Formulation 16 (0.1% SLS)
Time (hr) - Formulation 5 (0.2% SLS
Fig. 2. Effect of drug: polymer ratio on the release rate of KP from ERS100 10 4 -+ Formulation 17 (0.4% SLS
microspheres (prepared at 800 rpm). o~ Formulation 18 (0.7% SLS

The release profiles of KP from ERS microspheres
prepared at different sting rates into PBS pH(7.4) are shown in > 10 . 15 2 5 X
figure (3). The results indicate that, increasing the stirring ratlglg. 4: Effect of surfactant concentra?i[cr)]r? (22 the release rate of KP from ERS100
resulted in a significant increase (P<0.05) in the rate of drugicrospheres.
release. These results can be attributed to that smaller particle size
microspheresare produced at higher stirring rates. Smalledn-Vivostudy
particles possesslarge surface area leading to higher release ratgioavailability of ketoprofen after oral administration
(Haznedar and Dortunc, 2004). The mean plasma concentrations as a functigime for

The inwvitro release studies reveal that the rate and amoutgtoprofen after oral administration of plain KP and different
of drug release is increased as the conceotrati the surfactant is ketoprofen formulations are illustrated in figure (5). From the
increased at constant drug: polymer ratio as shown in figure (4Ptained results, there was a noticeable difference in the T
This is due to the increase in wettability and better solverR€tween the drug and the tested formulations. The mean
penetration as the concentration of surfactant is increasdefl@rmacokinetic parameters of ketoprofen from different
Increasing the surfactant concentration rasp lead to an increase formulations represented by the value g&&ug/ml), Tmax(h), Ke
in amount of drugs deposited at the surfag@®chuau and (W), tuz (hr), AUCo24 (bg. hr. mi) and AUG - (kg. hr. mF) are
Mazumder, 2009). The results obtained were fitted into variougummarized in table (4). From the obtained data, it wasrebd
models (zero order, first order, and Higuchi diffusion model) tghat, the absorption of plain ketoprofen was rapid and reached its
know which model is best fitting theelease profileAll the peak plasma concentration in (2.03+0.08 hr), whereas, the mean
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Tmax fOr the marketed formulation and the tested formulation wer€ ONCLUSION
3.32+0.24 and 6.79+0.39 hr, respectively. The meak ptasma

. F the obtained aa, it Id b luded that
concentrations (Ga) Wwere 16.58+1.02 pg/ml for marketed rom fhe oblained aia, 1t cou e conclude a

ketoprofen loaded microspheres exhibited prolonged and

formulation, 14.42+0.50 pg/ml for formulation | compared to .
. . . controlled release effect compared to control. This controlled effect
18.78+0.95 pg/ml for plain KP. The increase in the meggand . . .
the decrease in the meap.(of the test formulation compared t is confirmed by 10w Gy and high Ty values. Ketoprofen loaded
Fhe P microspheres showed higher biodahility in comparison to the

the plain drug indicated the controlled release effect of the, . .
. . plain drug and marketed formulation.
microsphere formulations.
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